Abstract. Traffic performance have been measured based on degree of saturation, velocity, travel time, and delays. However, they weren't enough to measure the traffic fluctuation that happen on normal days. This study aims to develop some modified analysis about traffic congestion based on the degree of saturation (DS) and travel time ratio (TTR). The travel time ratio is defined as a ratio between the travel time at peak hour and the travel time at off-peak hour in a certain road section. Traffic congestion conditions are classified into 4 categories: Peak-hour Congestion, Lengthy Congestion, Momentary Congestion, and Smooth Traffic. Based on survey results on road sections in Palembang, Bandung, Yogyakarta, and Surakarta, it can be concluded that peak-hour congestion occurs when TTR > 1,40 and DS > 0,75, lengthy congestion occurs when TTR < 1,40 and DS > 0,75, momentary congestion occurs when TTR > 1,40 and DS < 0,75, and smooth traffic when TTR < 1,40 and DS < 0,75.
Introduction
Traffic and road transport as mandated by Indonesian Government [1] must have criteria for a secure, safe, orderly, smooth, and integrated with other transport modes. Muhtadi [2] said that at the moment, traffic congestions often arise in large cities in Indonesia because of the increasing number of vehicles that pass by affecting the capacity of the road that had been planned earlier. One of the treatments for the congestion problems the periodical evaluation of performance of urban road traffic to ensure the optimal performance of the road.
Speed, travel time, and delays are measures commonly used as indicators of the performance of traffic [3] . In addition, traffic performance is also measured by the degree of saturation. The relationship between the flow and travel time can be expressed as a function where if the flow increases then the travel time will also increase [4] . However, the degree of saturation still can't explain more about the fluctuations of flows that occur on each day. As a result, it often occurs a smooth traffic flow on a road which has a degree of saturation above one or vice versa. This study aims to provide further understanding
Desk study
The Traffic flow is affected by drivers and vehicles interacting with other vehicles, infrastructure, and surrounding environment. The volume that occurs is not always fixed but fluctuating due to several factors such as: time, composition, split portion, lane configuration, the kind of area use, road classification, road feature, the number and types of access control, shape and geometry of the streets [5] . The existence of unbalanced daily variation pattern between peak and off-peak time becomes a major concern for transportation planners experts because of congestion problems encountered in the big city usually happens at peak hours [4] . Generally the flow of traffic is divided between peak hour and off-peak hour.
Travel time is the time it takes to travel the full length of observed path. This study gives information about the running speed, the travel speed, the speed fluctuations, delays between two stations. There are two kinds of delay, namely fixed delay and operational delay. Fixed delay is a delay due to a temporary traffic signal while operational delay is a delay due to the traffic movements such as as turning vehicles, in and out activities, pedestrian crossing, parking, heavy traffic volume, insufficient capacity, and traffic accidents. [6] .
According to Indonesian Highway Capacity Manual [7] , Degree of saturation (DS), is defined as the ratio of the traffic flow/volume (V) and the road capacity (C) of a certain road section. The volume and capacity are both in passenger car units per hour (PCU/hour). The degree of saturation, also called V/C ratio or volume capacity ratio, is the major indicator in suggesting the traffic performance. The higher the degree of saturation value the lower the traffic performance. The congestion increases when the flow is so high resulting vehicles get very close to each other. Total congestion occurs when vehicles have to stop or move very slowly [4] . Conditions of traffic congestion are often expressed with the level of service from A through F [8] .
Study method
This study aims to provide a modified classification on traffic congestions in order to ease us solving the congestion problems. Two parameters, travel time ratio and the degree of saturation, are used in this study as indicators of traffic congestion. Figure 1 shows basic framework of this study. 
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Fig. 1. Study framework
While the travel time ratio has been well known as ratio of travel time between various transportation modes [9] , the proposed Travel time ratio (TTR) is a comparison between travel time on a road section during peak hours and off-peak hours. During rush hour, a large traffic volume tends to produce a lengthy travel time. It is influenced by the low speed due to the high density of traffic and the large amount of operation delays due to high level of transportation activities during rush hour. As the travel time during peak hours and offpeak hours have been recognized, TTR is proposed to be calculated as follows:
where, TTR = travel time ratio TTP = travel time during peak hour (s) TT0 = travel time during off-peak hour (s)
If the number of surveys on each peak hour and off-peak hour is limited, then the travel time needs to be corrected against fixed delays such as signal controls and railway crossing. Corrections are intended to anticipate the significant influence of fixed delays on both time of the survey. For example, if there aren't any fixed delays occurred during the peak hour survey because of the green lights at all intersections while there are some during off-peak hours survey, then this may result in travel time during peak hours becoming shorter than travel time during off-peak hours. T By knowing its degree of saturation and travel time ratio, the condition of congestion that occurred on a road section can be assessed. Conditions of congestion based on the degree of saturation and the travel time ratio are classified into four types as shown in Table  1 , namely: a) Peak hour congestion: a condition of congestion where there are high traffic flow and activities at peak hours (0,5-2 hours) resulting significant delays and low speed. Both the degree of saturation and the travel time ratio on this road section are high. This condition expectedly happens on road sections with number of lane > 4 and high side frictions. b) Lengthy congestion: a condition of congestion where high traffic flow and activities occur for several hours in a day (> 2 hours). The degree of saturation is high but the travel time ratio is low. This condition expectedly happens on road sections in downtown of major cities. c) Momentary congestion: a condition of congestion where the traffic flow is considerably low all day but sometimes it becomes high for a short period of time. This condition expectedly happens on road sections with low capacity that a minor change in traffic flow can cause significant effects. d) Smooth traffic: a condition where there is no congestion on a road sections all day. The traffic flows and side activities are both low and do not reduce traffic speed significantly nor cause any great operational delay. The data were obtained from surveying on road sections in four cities in Indonesia, namely Palembang, Bandung, Yogyakarta and Surakarta. The road network includes national road network as well as urban road network. Three types of surveys had been conducted, namely travel time and delay survey, traffic volume survey, and road geometry survey. Travel time and delays survey was done to get travel time experienced by a normal moving vehicle on the road sections. This survey produced travel times and delays along with the location and cause. Traffic volume survey was done by counting the various passing vehicle on a certain spot location and generally conducted for 16 hours with the types of vehicles include motorcycles, light vehicles, heavy vehicles, and unmotorized vehicles. The geometry survey was conducted to identify the width and number of lanes, the median, the width of road shoulders/curb, and the land use/side friction along the road sections to calculate the road capacity.
Data and analysis
Determination of travel time ratio
Based on the results of calculations shown in Table 2 the lowest TTR on the road network in Palembang is 1.1 (Jend. Sudirman), while the highest TTR is 1.91 (Demang Lebar Daun). As the average value on all surveyed road sections is 1.57, the travel time ratios in Palembang are relatively high. Most of the delays are caused by the high density of traffic flow and oversaturated condition at the intersections. The lowest TTR on surveyed road sections in Bandung is 1.08 (Ahmad Yani and Jend. Sudirman) whereas the highest TTR is 1.25 (Soekarno-Hatta) as shown in Table 3 . With the average value of 1.18, the travel time ratios in Bandung are relatively low. Most of the delays are caused by the high side frictions such as parked vehicles, pedestrian activities, and entering or exiting vehicles. From the results of the calculations in Table 4 , the lowest TTR on surveyed road sections in Yogyakarta is 1.06 whereas the highest TTR is 1.73 (Laksda Adi Sucipto). With the average value of 1.16, the travel time ratios in Yogyakarta are relatively low. Most of the delays are caused by the high density of traffic flows. Based on the calculation shown at Table 5 , the lowest TTR on surveyed road sections in Surakarta is 1.14 (Slamet Riyadi) while the highest TTR is 2.83 (Yosodipuro). With the average value of 1.61, the travel time ratios in Surakarta are relatively high. Most of the operational delays are caused by the public transport vehicles making stops on the narrow streets. 
Degree of saturation analysis
The degree of saturation is calculated by dividing the traffic volume by the road capacity. The used rush hour factor for general urban roads is 0.09 according to IHCM 1997 [7] . From the results of the calculations shown Table 6 , the DS on road network in Palembang is relatively high with an average of 0.9. The highest degree of saturation occurs at Demang Lebar Daun, reaching 1.41 while the lowest degrees of saturation occurs at Sudirman direction, about 0.56. The DS of surveyed road sections in Bandung as shown in Table 7 are relatively normal with an average of 0.71. The highest DS is 1.1 (Ahmad Yani) while the lowest is 0.51 (Soekarno Hatta and Jend. Sudirman). Generally shown in Table 8 , the DS in Yogyakarta are relatively high with an average value of 0.89. The highest DS is 1.35 (Jend. Sudirman) while the lowest is 0.47 (Kolonel Sugiyono). As shown in Table 9 , the DS in Surakarta are relatively low with an average value of 0,58. The highest DS is 0.71 (Ir. Sutami) while the lowest DS is 0.46 (Slamet Riyadi).
